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MODELLING CARS IN USE 
Introduction 
This study is an analysis of the number of cars in use in 21 industria-
lized countries. The modelling procedure used in this study aims at 
obtaining reliable projections under various policy scenarios for the 
number of cars in use. The terms "cars in use" and "car ownership" are 
assumed to refer to the same concept. The countries considered are: 
1 The United States 12 Iceland 
2 Canada 13 Sweden 
3 Japan 14 Switzerland 
4 Australia 15 Ireland 
5 New Zealand 16 Norway 
6 Germany 17 Finland 
7 France 18 Austria 
8 The United Kingdom 19 Italy 
9 The Netherlands 20 Spain 
10 Belgium and Luxembourg 21 Portugal 
11 Denmark 
In the remainder of this section it is explained why one may expect a 
levelling-off towards a saturation level in the number of cars in the 
near future and which factors are involved in this process. Data on 
this subject have been gathered for the period 1950-1987. Data sources 
are presented in appendix A. Section 2 deals with the specification 
side, regarding both the explanatory variables and the functional form. 
This includes the saturation concept as well. Several theoretical and 
practical possibilities for using a saturation level and related curves 
are discussed. In section 3 problems and possibilities for estimating 
saturation levels are discussed. These saturation levels are used in 
the time series analysis of section 4 where sigmoid (= S-shaped) curves 
are estimated. Projections and policy simulations are presented in 
section 5. Graphs of historical data and projections for selected 
countries are shown in appendix B. 
Historical developments of cars in use 
Since World War II there has been a substantial growth in the number of 
cars in use. Until the mid-sixties, the world car park, i.e. the 
number of cars in use, was very close to the sum of the 21 countries, 
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but these aggregates diverged after this period (Figure 1.1). In spite 
of this increased difference, the 21 countries still represent a large 
part of the world car park. Figures concerning the percentage share of 
cars in the world total are presented in Table 1.1. 
Table 1.1 The number of cars in use 
percentage share 
1950 1970 1985 
per 1000 persons 
1955 1975 1985 
United States 76.1 46.1 34.6 314 500 564 
Japan 0.1 4.5 7.4 2 154 248 
Germany F.R. 1.3 7.4 6.9 35 290 414 
France 2.9 6.4 5.6 70 290 363 
United Kingdom 4.4 6.1 5.0 71 255 279 
Italy 0.6 5.3 5.7 18 270 347 
The 21 countries 93.3 89.7 79.0 
World 100.0 100.0 100.0 
Source : Compiled from several sources , e.g. 
World Road Statistics (various issues), 
United Nations Statistical Yearbook (idem), 
World Automotive Statistics (idem), 
World Motor Vehicle Data (idem). 
For more details see appendix A. 
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Figure 1.1 Historical development in cars in use 
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Population and income in relation to car ownership 
A car can be seen as just another durable consumer good, where the 
purchase is influenced by income. An increase in population may also 
increase the number of cars in use. Other factors influencing car 
ownership are discussed in section 1.4. The specification and 
estimation of this relationship is the topic of this article. Fauré 
(1959) developed a so-called "diffusion model" where ownership-rates 
are expressed as a function of income. Behind this analysis is the 
assumption that for the individual family i to have or not to have a 
car is a simple step-function with value 0 if actual income yj_ is less 
than threshold income y^0 and with value 1 if y^ > y^0. Aggregating 
these individual Engel curves for groups of families in some income 
class gives the percentage of families owning a car. For very small 
income brackets the thus developed "continuous" curve resembles a 
cumulative normal or log-normal distribution. 
A thorough analysis of the diffusion process and the developments in 
the stock of cars has been done by Bonus for Germany F.R. (1973). He 
divides diffusion into two stages. The first stage is vertical 
diffusion, the underlying learning process: the household becomes 
sufficiently aware of the commodity to desire its ownership. It becomes 
a potential owner. However, if the critical income level for buying the 
commodity is above the actual income, the household will not yet become 
the actual owner. The second stage is horizontal diffusion: the 
critical income may be reduced because the desire to own the good is 
intensified. 
Other factors in relation to cars in use 
A variety of other factors influence the number of cars in use such as 
demographic composition of the population, geographical aspects such as 
population density and urbanization, air pollution, traffic congestion, 
alternative modes of transport, gasoline and other car related prices, 
government policies concerning car usage, for example car taxes and, 
finally, the role of the car industry. 
These factors play a role in the overall development and therefore in 
particular in the level of saturation of the number of cars in use. 
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Different (combinations of) variables have been tried so as to 
incorporate the above influences. Below, in section 2, the optimal 
specification and set of explanatory variables will be discussed in 
detail. 
MODEL SPECIFICATION FOR CAR OWNERSHIP 
Introduction 
In this section, the information of the previous sections is combined 
into the modelling procedure. There are two groups of factors 
influencing the number of cars in use in a particular country. First 
income, population and more trend-type factors such as the marketing 
strategy of the car industry. These factors are modelled in section 4 
for each country, using Logistic- and Gompertz-curves. Such curves are 
based on the concept of saturation, as they all possess a saturation 
parameter. The growth in the number of cars in use, caused by these 
three factors will show a levelling-off. Time series data for income 
and population are available for all countries. Significant data for 
the 'marketing strategy' of the car industry and similar trend-type 
factors, including quality and prices, are however difficult to obtain. 
Therefore a trend will represent this latter variable. The topic of 
prices will be touched upon below in somewhat more detail. 
The number of cars and its level of saturation also depends on several 
country specifie characteristics. Saturation levels may therefore 
differ significantly between countries. These differences can be 
explained with the help of several country specifie characteristics, 
which include geographical size and structure of the country, 
population density, percentage urban population and number of large 
cities, government policy towards car usage, like the level of car tax 
and usage of alternative modes of transport. The remainder of this 
section focusses on several possibilities for modelling saturation 
levels curves when cars in use are considered. First in section 2.2 
various functional forms incorporating a saturation level are 
presented. Interpretation and explanation of saturation levels follow 
in section 2.3. Further specification of the full model is developed in 
section 2.4 and 2.5. Saturation levels are estimated in section 3 using 
cross-section data based on all countries. This information is then 
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applied in the saturation models of section 4, so cross-section 
information is in this way included in a time series analysis, using 
non-linear regression techniques. The problem of splitting the 
combined effect of the three independent variables - income, population 
and time - into separate proportions is also discussed in section 4. 
2.2 Selected types of sigmoid curves 
In the previous section it was argued that there will be saturation 
indicating that there is a limit to the number of cars in use in 
future. What kind of functional forms and possible interpretations are 
now possible? Consider a functional relationship between_ two variables 
Z and Q 
Z - f(Q), with Q > 0 and Z > 0. 
If the function f contains a saturation level, this implies the 
following properties: if Q -> <=° then Z -»• S, where S is independent of Q. 
Further S is the maximum value for Z, and dZ/dQ is positive for all 
value of Q. 
The literature provides many examples of models containing a saturation 
level, such as 
The Reciprocal model: 
Z - S + 0/Q with $ < 0 (2.1) 
The Logarithmic-Reciprocal model: 
Z - S exp(/3/Q) with /3 < 0 (2.2) 
The Logistic model: 
Z - ; ~n
 S
 ,„ ^  with fli > 0 and fl, < 0 (2.3) 
1 + 0! exp(/52Q) y i FZ 
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The Gompertz model: 
Z = S exp{-exp(y31+^32Q)} with fa > 0 and /32 < 0 (2 .4) 
Models (2.2), (2.3) and (2.4) are sigmoid curves, as they have a point 
of inflexion. The parameters of models (2.1) and (2.2) can be estimated 
directly using O.L.S., while the determination of the parameters of 
(2.3) and (2.4) requires the use of non-linear estimation techniques or 
mathematical transformations. When using such a saturation function in 
empirical work, among the most important problems are 
- can the estimated saturation level be an absolute maximum for Z 
- will the saturation level be constant 
- how to estimate a saturation level. 
This will be elaborated upon further in the following section. 
2.3 Explanatorv model to saturation 
The approach in this article is that the saturation level may be seen 
as an average long-term level of Zt, which is approached as the 
independent variable Qt follows its predicted course over time. This 
interpretation allows S to be a function of other variables 
S - f(X1,X2, ... ,Xn) (2.5) 
where X^, X2 and Xn are variables influencing the saturation level. 
This concept is illustrated using the Gompertz curve 
Zt - S exp{-exp()31-)S2t)} (2.6) 
Instead of using a fixed saturation level S over time, it is possible 
to make this level dependent on some other variable, say X^. So the 
fixed saturation level in (2.6) can be replaced by the following 
function 
St - ai exp(a2Xlt) (2.7) 
The resulting equation is 
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Zt = ax exp(a2Xlt) exp{-exp(^1-yS2t)} (2.8) 
which can then be estimated. This interpretation does not only offer a 
great deal of freedom in modelling saturation, but it is also 
intuitively appealing because there are many situations in which an 
independently assumed saturation level is an oversimplification of 
reality, A similar approach was foliowed e.g. by Smit (1982, 1984), 
Meade (1984) and Lakhani (1979). 
As an example of the direction of this study, it was already mentioned 
that a saturation level for cars depends on factors such as car-taxes 
and the availability of alternative modes of transport. The latter 
factor may be represented by the amount of travelled railway passenger 
kilometers. If these factors are denoted with X^ and X2 respectively, 
one can consider the following Logistic model 
Zt " 1
 + Pl exp(-^2Yt) with S - St - f<Xlt,X2t> (2.9) 
where Zt = cars in use 
Yt = gross domestic product. 
Note that car ownership rather than car usage is explained. It is 
assumed that car ownership may explain car usage, but not the other way 
around. For that reason there is no need to explain car ownership and 
train usage simultaneously. 
In comparing absolute numbers of cars between countries, the magnitude 
of these numbers plays an -important role. In order to reduce these 
magnitudes to a more comparable level, the number of cars in use for 
each country can be expressed as the number of cars per 1000 
inhabitants. At a high level of GDP per capita one would expect a high 
level of cars per 1000 persons but this will not always be so, since 
other country specific factors are important as well. Besides GDP per 
capita there are three groups of factors to explain the difference in 
the number of cars per country, representing the factors already 
indicated at the end of section 1. 
The first group refers to geographic and demographic factors. If a 
country has a high number of people living in a small area, the amount 
of space for living, working, driving etc. is limited, so the benefits 
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of using a car may be low. This means that there is a negative 
influence on the number of cars in use. The disadvantages of using a 
car, like air pollution and traffic congestion, are more strongly feit 
in densely populated countries. For population density the amount of 
'liveable area' is used as a divisor. This includes the area used by 
cities, parks, roads, lanes and built-on areas. 
Then there is the percentage urban population. If this percentage is 
high in one country, compared to other countries, one might expect an 
influence on the number of cars. Cities can serve as 'job-centers', 
because a city usually offers more jobs than there are urban 
inhabitants available for these jobs. Therefore non-resident travelling 
becomes necessary. One of the most used modes of transportation for 
travelling to work is still the car. Another positive influence may be 
that urban people have a more open attitude towards accepting a car 
than those living in non-urban areas. The car is an important aspect in 
everyday city life and people are accustomed to the fact that they are 
most of the time surrounded by cars. Therefore the demonstration effect 
might be more present in urban areas. 
Finally in this group is the number of cities with a population of 
500,000 persons or more. This factor is related with the percentage 
urban population. The latter one measures the concept of urbanization 
as the percentage of total population living in urban areas. The number 
of cities gives an indication of how many large urban areas there are 
in a particular country. In a country with a large number of cities, 
one might expect the number of cars to be higher than in a country with 
a lower number. 
The second group of factors covers the aspect of prices related to cars 
in use. Basic prices will not differ much between countries. It is the 
government tax-receipts concerning car ownership and usage, expressed 
as an amount (in 1975 dollars) per car which really makes the 
difference. These tax-receipts consist of such taxes as motor vehicle 
tax, gasoline tax and taxes concerning road use. This variable can be 
interpreted as the 'price' that a government is charging for using a 
car in that country. If this price is low compared to other countries, 
the government policy can be seen as 'friendly' towards car usage. So 
the higher this price, the lower the number of cars might be. A 
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possible improvement would be to take this factor relative to other tax 
levels or relative to other cost factors. However, it has not been 
possible to obtain a dataset for such variables which was consistent 
over the countries and over time. 
Finally the third group of factors can be seen as an alternative for 
car usage. It is the amount of travelled railway passenger kilometers 
per capita of age 15 and older. In countries with a well developed 
railway system there might be less need to use the car for travelling 
purposes. A high amount of travelled railway passenger kilometers can 
be an indication of the popularity of the train in a particular country 
compared to other countries. The influence of this variable on the 
number of cars in use is therefore negative. It is better to use 
travelled kilometers than the length of the rail net, because the 
degree of utilization may vary a great deal between countries. 
2.4 Specifying the saturation curves 
In section 2.1 it was argued that income, population and the marketing 
strategy of the car industry and other trend factors are the 
explanatory factors for each country in the Logistic- and Gompertz-
curves. The growth in the number of cars in use, caused by these three 
factors will show a levelling-off. Time series data for income and 
population are available for all countries. The 'marketing strategy' of 
the car industry and similar trend factors, including quality and 
prices, are represented by a time trend. 
The basic assumption in explaining the number of cars in use Zt is that 
Zt can be written as: 
Y T P 
zt - eY zt + eT zt + eP zt (2.10) 
with 6Y + 8T + 9p - 1 and 6Y,eT,8p > 0 
where, 
- Zt is the number of cars in use 
Y 
- Zt is the part of cars in use explained by GDP 
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T 
- Zt is the part of cars in use explained by time, t = 1951,...,1987 
P 
- Zt is the part of cars in use explained by population, 15 years and 
older. 
It is assumed that each variable on the right-hand side of equation 
(2.10) is based on a saturation model. The part of Zt explained by GDP 
can be written, for example, as a Logistic model: 
Zt = (2.11.) 
1 + exp(/31) exp(-71Yt) 
where Yt is GDP measured in 1975 US dollars. The estimated saturation 
levels are derived by multiplying the cross-section estimates of {S} 
by the size of the population (of age 15 or older). It is clear that a 
function like (2.11) can also be used to model the time and population 
parts of equation (2.10): 
Zt - (2.12) 
1 + exp(/32) exp(-72t) 
and 
Zt - (2.13) 
1 + exp(£3) exp(-73Pt) 
2.5 The full model and the resulting estimation problems 
The full model for country i in year t now results by combining (2.10) 
with (2.11), (2.12) and (2.13) and including (2.5) with S possibly 
different for each country and each year. Suppose that a log-linear 
approach would be applied for (2.5), then (2.5) could be written as 
n 
Sit - exp{Q0 + X aiXUt} (2.11) 
j-l 
Note that the QJ are supposed not to vary by country. Including this in 
the combination of (2.10) to (2.13) gives 
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n 6y 
Zit - exp{a0 + £ <*jXjit} { + 
j=l 1 + expC^xi) exp(-7liYit.) 
eT eP 
+ } (2.14) 
1 + exp(£2i) exp(-72it) 1 + exp(/33i) exp(-73iPit) 
where 6y + ©f + Sp = 1 and 6y,e^,9p > 0. Estimating the parameters 
and the saturation levels in a case like (2.14) is not possible. There 
are about 130 parameters: 6 for each of the 21 countries and some 5 to 
10 for the parameters OJ which are assumed to be the same for each 
country. The number of observations is 588 (28 years times 21 
countries). So in principle, the size of the sample is a bit on the low 
side for estimating all parameters in (2.14) in one single procedure. 
Besides, some of the variables explaining S do not vary enough and the 
variables Y^t, t and P^t are highly collinear. The type of functional 
form together with the earlier mentioned problems results in the 
impossibility of getting stable and realistic estimates of the 
parameters and the saturation levels per country in one single 
procedure. Therefore, instead of using this pooled cross-section and 
time series approach to model and estimate the saturation level and the 
parameters jointly for all countries, in the following section, a 
cross-section of countries is used to estimate the parameters for the 
saturation level, while in section 4 the coefficients for Y^t, t and 
P^t are estimated for each country separately. 
3. MODELLING AND ESTIMATION OF SATURATION LEVELS 
3.1 Introduction 
In this section saturation levels for the 21 countries are estimated. 
This is done using a restricted version of the general model (2.14) as 
presented in section 2.5. Most of the information needed for 
determining the saturation levels is found in cross-sections. Because 
of the lack of variability of some of the variables, only the years 
1975, 1980 and 1985 have been used. The question then is how to 
restrict all the influences of income Yt, time t and population Pt in 
such a way that sound results are obtained for the parameters of the 
saturation part. 
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3.2 Modelling and estimation 
In section 2.3 it was already argued that in comparing absolute numbers 
of cars between countries, the magnitude of these numbers plays an 
important role. In order to reduce these magnitudes to a more 
comparable level, the number of cars in use for each country can be 
expressed as the number of cars per 1000 inhabitants. This implies that 
on the right-hand side of the equation (cf. eq. (2.14)), one should 
also use income per capita rather than income, thus incorporating both 
the effect of income and, through multiplication later on, the effect 
of population. Income per capita was found to be highly collinear with 
time t. For that reason only income per capita was included in the 
restricted equation to capture the dynamic effects. 
In substituting the saturation parameter there are several possibi-
lities for the combination of functional forms. The best results were 
obtained using (3.1) and (3.2). The logarithmic reciprocal model 
Z± - exp{ 0! + (j82Ai) + "i } (3.1) 
for the sigmoid curve with £]_ > 0 and @2 < 0 and where 
i - country number 
Z^ - passenger cars in use per 1000 persons of age 15 or older 
Y^ - income per capita 
u^ — disturbance term. 
If Yj_ -* «o then Z^ -+ exp(yS^ ) , so this latter parameter function is the 
saturation level (S). The -functional form of the saturation level 
yielding the best results was 
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exp(Q]_) - Si - exp{ aQ + I «ixü ) (3.2) 
j-l 
where 
X Ü - population density per square kilometer 'liveable area' 
X2i - percentage urban population 
x3i " number of cities greater than 500,000 persons 
X^i — government car-tax-receipts per car 
X5i - train passenger kilometers per capita of age 15 or older. 
The resulting equation for estimation is 
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logCZi) - Q 0 + l a 1X i i + (y32Ai) + Uj_ 
j-l 
(3.3) 
and the results for equation 3.3 are presented in Table 3.1. 
Table 3.1 Estimation results of equation (3.3) 
coëfficiënt value 
a0 6.4523 
Ql -0.2292 
Q2 4.9775 
a3 3.6164 
a4 -0.2014 
a5 -0.1481 
P-> -5.1210 
nd. error t-statistic 
0.2299 28.07 
0.2231 -1.03 
2.0318 2.45 
1.6467 2.20 
0.0846 -2.3-S 
0.0365 -4.05 
0.6444 -7.95 
number of observations 63 
R^  ,82 
degrees of freedom 56 
corrected-R2 .80 
Equation (3.3) is used to determine the saturation levels. Table 3.2 
shows that the estimated saturation levels - based on (3.2) and rounded 
- are considerably greater than the actual 1985 levels. 
4. MODELLING THE NUMBER OF CARS IN USE OVER TIME 
4.1 The modelling procedure 
In section 2 it was argued that the basic assumption in explaining the 
number of cars in use Z t is that Z t can be written as: 
Z*- — Sy Z»- + B T Z^ + 6p Z»- (4.1) 
with 6y + 6 T + 0p - 1 and 9Y,6T,9p > 0 
where, Z t is the number of cars in use and 
Y T P 
Zt, Z t and Z t are the parts of cars in use, explained respectively by 
GDP, time (t - 1951 1987) and population (15 years and older) . 
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Table 3.2 Estimated saturation levels and actual values of cars in 
use per 1000 inhabitants (total population) 
' 
Estimates 
based on Actual 
equation (3.3) values 
Country 1975 1980 1985 1985 
United States 810 870 900 564 
Canada 680 700 720 492 
Japan 370 390 400 248 
Australia 630 660 680 430 
New Zealand 620 640 640 487 
Germany F.R. 660 690 740 414 
France 570 580 590 363 
United Kingdom 670 680 690 279 
Netherlands 560 590 630 302 
Belgium + 590 620 680 335 
Luxerabourg 
Denmark 570 570 500 278 
Iceland 600 640 680 392 
Sweden 650 640 660 362 
Switzerland 460 480 520 417 
Ireland 520 530 530 243 
Norway 570 610 650 416 
Finland 530 520 500 288 
Austria 520 530 560 388 
Italy 580 610 620 347 
Spain 600 630 650 219 
Portugal 460 470 470 119 
Note: These estimates are rounded to the nearest 10. 
It is assumed that each variable on the right-hand side of equation 
(4.1) is based on a saturation model: 
zt -
1 + exp(/91) exp(-71Yt) 
(4.2) 
and 
1 + exp(02> exp(-72t) 
(4.3) 
1 + exp(/93) exp(-73Pt) 
(4.4) 
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where Yt is GDP measured in 1975 US dollars and P is population. The 
estimated saturation levels are derived by multiplying the cross-
section estimates of ('S) from section 3 by the size of the population 
(of age 15 or older). 
If these separate functions are substituted into equation (3.1), the 
total number of parameters is too large to allow estimation of all 
parameters in one single procedure. The best appeared to be to use a 
step-by-step approach. The separate functions as in equation (4.2), 
(4.3) and (4.4) are used to obtain estimates of the /3 and 7 parameters. 
By using the estimates of the /3 and the 7 parameters one can calculate 
Y T p 
Z-t, Zt and Zt. Together these regression results can then be used to 
obtain reliable values for the distribution parameters 6y, 6j and 6p. 
Basically it should then be possible to estimate the parameters of 
equation (4.1). The method of these step-by-step regressions for GDP, 
time and population is discussed in the following section. Section 4.3 
contains the method and results concerning the 9's. 
4.2 Regressions for GDP. time and population 
In describing this step-by-step approach, the variable GDP is used as 
an example. If the number of cars is explained solely by GDP then 
equation (3.1) is subject to 
6p - 9T - 0 and 0Y - 1 
and can thus be written as 
Y 
Zt = Zt 
Y 
where Zt - f(Yt,S.fa,71) (4.5) 
f (.) is a saturation-function and the Logistic and the Gompertz model 
have been used as possible saturation-functions in the estimation 
procedure. 
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The statistical-mathematical notation of these models is: 
The Logistic model: 
S 
Zt = + ut (LI) (4.6) 
1 + exp(/81) exp(-71Yt) 
with the following reparameterizations, 
p2 - e x p ^ ) (L2) 
72 - exp(-7!) (L3) 
or both (L4) 
The method of reparameterization is used in this study to find the 
"optimal" model/dataset combination in the estimation procedure. This 
reparameterization is further discussed below. 
The Gompertz model: 
Zt - S exp [ {-exp( 1^)} {exp(-7i Yt)) ] + ut (Gl) (4.7) 
with the following reparameterizations, 
02 - exptf].) (G2) 
72 - exp(-7]_) (G3) 
or both (G4) 
It is further assumed that ut follows an AR(2) process: 
ut - pi ut.1 + p2 ut-2 + et (4.8) 
where et is white noise. 
This auto-regressive process has a stationary variance if the following 
conditions are met: 
\p2\ < 1 Pi + p\ < 1 p2 - Pi < l 
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Auto-correlation is a serious problem in the estimation procedure. 
Moreover, Zt is only a function of Yt in both equations ((LI) and (Gl)) 
while there is reason to assume that the two omitted variables will 
influence Zt too. One may also assume that some form of lagged response 
can occur between Zt and the independent variable. These two factors 
are largely responsible for the auto-correlation process, so it is 
necessary to deal with this problem by applying equation (4.6). 
Another problem concerning the disturbance term is that it is not known 
whether ut is additive or multiplicative. If for example in equation 
(Gl) the disturbance term is assumed to be multiplicative, the Gompertz 
curve can be written as: 
Zt - S exp [ (-exp(^ 91)} {exp(-71 Yt)} ] exp(ut) (4.9) 
In the estimation procedure, both the additive and multiplicative 
assumptions have been used combined with the AR(2) process. For a 
multiplicative disturbance term subject to an AR(2) process e.g. the 
Gompertz curve (4.9) is estimated as: 
log(Zt) - log(S) + .[ {-expC^)) {exp(-7i Yt)} ] + 
Pl ( log(Zt.1) - log(S) - [ (-exp^)} {exp(-7i Yt-1>> ] ) + 
p2 ( log(Zt.2) - log(S) - [ {-exp( 1^)} {exp(-7i Yt-2>> 1 ) + £t 
(4.10) 
Expression (4.10) is obtained by substituting equation (4.8) into 
equation (4.9). This procedure is similar for the Logistic curve. 
In selecting different (competitive) non-linear models, the method of 
reparameterization can be useful. The objective of reparameterization 
is to find models whose behavior may more closely approach that of a 
linear model. Ratkowsky (1983) found, by using a simulation experiment, 
that a potentially useful criterion for examining the acceptability of 
a model is Student's t. A high t-value associated with a parameter 
estimate tends to indicate that the estimate is well determined in the 
specific model/dataset combination. Ratkowsky's simulation study 
showed that t-values were much higher when a parameter appears in a 
more suitable parameterization. These high t-values were closely 
17 
connected to the linear behavior of the specific model/dataset 
combination. Therefore, high t-values can indicate that a specific 
model/dataset combination approaches the behavior of a linear model. 
The method of reparameterization is to some extent simplified by using 
the formula for the asymptotic variance of the parameter function. It 
can be shown that if 
H = g<0i) (4.11) 
then the variance of /?2 is approximately 
var (/32) - var (0±) [ dgi/3^ / 80x ] 2 . (4.12) 
where the term 
var (fix) [ 8g(Pi) / 80± ] 2 (4.13) 
is evaluated at /?^ . 
So only the models (LI) and (Gl) are estimated and the chosen 
parameterizations are calculated according to the above formulas: 
02 - exp(^) (4.14) 
the associated t-value for the estimated parameter p2 ^s 
t - 02 / l va* (02) ]V2. (4.15) 
Reparameterizations of the Logistic and Gompertz models, combined with 
various assumptions concerning the disturbance term, are thus used to 
find the most suitable model/dataset combination for each specific 
country. 
It is also important to direct attention towards obtaining good initial 
estimates of the parameters /9^  and 7^. Since the saturation level 
parameter S is estimated by means of a cross-section, its value is 
simply substituted into equation (LI) or (Gl) and only p-^, 7^, p]_ and 
P2 need to be estimated. The starting values of these parameters for 
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the Gauss-Newton algorithm are obtained using the following function in 
case of the Logistic model (LI): 
log{(S/Zt) - 1} - /?! + 71 Yt + vt (4.16) 
and in case of a Gompertz model (Gl): 
log{-log(Zt/S)} - fa + 71 Yt + vt (4.17) 
Both these functions were estimated assuming that vt foliowed an AR(1) 
process. 
It was mentioned that the estimation procedure for the variables time 
and population is similar to that of GDP. Since there are 21 countries 
to analyze this results in a total of 63 equations to estimate. During 
the estimation procedure it became clear that the Logistic and 
Gompertz models were not suitable for some countries. In case of the 
variables GDP and population two additional saturation-functions were 
necessary. These are: 
The Log-Reciprocal model: 
Zt - S exp(-7i/Yt + ut> (L*) <4-18) 
The Reciprocal model: 
Zt - S - ( 7l/Yt )-+ ut (R) (4.19) 
These two models were not reparameterized but the AR(2) process for ut 
was however maintained. 
The estimation results are summarized in Table 4.1. The estimated 
saturation levels are expressed as the number of cars in use for a 
particular country (cf. section 4.1). The estimation period runs from 
1953 to 1987 in case the AR(2) process for the disturbance term is 
appropriate. If autocorrelation is not present, the sample period 
starts in 1951. For some countries, dummies are added to the equation 
in question to handle severe outliers in the data. In all cases the 
resulting R^ was above 0.990, with a majority having an R^ of 0.999. 
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For five countries (Denmark, Iceland, Austria, Italy and Portugal) it 
was not possible to obtain relevant estimation results for the variable 
population. Parameter 7^ received the wrong sign in each of the four 
possible saturation functions. Only the models for GDP and time have 
been estimated for these five countries. 
Table 4.2 further summarizes the estimation results for the various 
models. As can be seen from this table, the Logistic and Gompertz 
results for the variable time are the best in terms of acceptable t-
values. The optimal model/dataset combination in case of GDP and 
population was however more difficult to obtain. Here the assumption of 
an additive or multiplicative AR(2) disturbance term determined the 
specific model/dataset combination for a particular country. This 
resulted in the various statistical models for the 21 countries as 
presented in Table 4.1. This variety of models is plausible in the 
sense that one may expect different statistical models, depending on 
the explanatory variable and the country. The overall results seem 
quite acceptable in terms of t-values and Durbin-Watson statistics. 
Moreover, the residuals from these regressions did not show a 
significant departure from randomness. The next step is now to obtain 
reliable estimates of the distribution parameters 6Y,©T and 9p. This 
will be the topic of the next section. 
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Table 4.1 Summarized estimation results for gross domestic product, 
time and population 
Estimated 1987 Specification 
Country saturation Actual Model and 
levels values dist. term 
(in '000) (in '000) £dp_ _L_ pop. 
United States 196400 139041 L2 Gl LI 
A A A 
Canada 16900 11870 Gl Gl LI 
A A A 
Japan 45000 29478 Gl Gl Gl 
M A M 
Australia 9700 7073 G4 Gl LI 
M A A 
New Zealand 2000 1550 G4 Gl R 
M A A 
Germany F.R. 42400 28304 LR Gl Gl 
M A M 
France 31300 21970 G2 Gl LI 
M A A 
United Kingdom 38450 19500 G2 Gl Gl 
M A M 
Netherlands 8400 5118 Gl Gl R 
A A A 
Belgium 
+ 6450 3660 G3 Gl R 
Luxembourg M A A 
Denmark 2800 1588 G2 Gl _ 
M A -
Iceland 145 105 G4 Gl -
A A -
Sweden 5400 3367 G2 Gl G4 
A A M 
Switzerland 3200 2733 LR Gl Gl 
M A M 
Ireland 1800 • 737 G3 Gl R 
A A A 
Norway 2500 1623 G4 Gl Gl 
A A A 
Finland 2500 1699 G4 Gl LI 
M A A 
Austria 4100 2685 G3 Gl -
M A -
Italy 34100 22500 Gl Gl -
A A -
Spain 23400 9850 G4 Gl G3 
M A M 
Portugal 4550 1290 L3 Gl -
M A -
DW 
gdp t pop 
2.19 1.59 1.65 
2.20 1.76 1.90 
2.13 1.87 2.18 
2.28 1.83 2.34 
1.77 2.15 2.37 
2.08 ' 1.65 1.92 
2.36 2.13 1.93 
1.87 1.91 1.64 
1.69 2.12 1.86 
2.04 2.57 2.24 
2.09 2.32 
2.09 1.78 
1.99 2.20 1.97 
2.78 2.06 2.42 
1.97 2.21 1.84 
1.87 2.04 1.74 
1.89 2.03 1.68 
1.75 1.82 
2.13 2.15 
2.44 2.30 2.57 
1.85 1.91 
Note 1) A - Additive , M - Multiplicative 
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Table 4.2 Results for the various models 
Yt t Pt 
19 21 12 
2 0 4 
21 21 16** 
Explanatory variable: 
Number of estimated Logistic and 
Gompertz models (A): 
Number of estimated Log-recipro-
cal and Reciprocal models (B): 
Total number of models: 
T-value results for (A); number of 
- significant /J's: 
- insignificant fi's: 
- significant 7's: 
- insignificant 7's: 
T-value results for CB): number of 
- significant 7's: 
- not significant 7's: 
* : Critical values at the 5% level. 
** : For 5 countries no curves for population could be estimated. 
16 21 10 
3 0 2 
18 21 12 
1 0 0 
1 0 1 
1 0 3 
4.3 The distribution parameters 8y. Qj and 8p 
The separate functions of Zt from the previous section can be used to 
project the number of cars in use, although it is not yet clear which 
explanatory variable - GDP, time or population - contains the most 
useful information. For most countries, the regression results of all 
three variables are more or less the same from a statistical point of 
view and it would be worthwhile if these separate parts of information 
could be combined. 
If values for Sy.öx anc* eP a r e available, then this information can be 
used in projecting the number of cars. The part of Zt containing most 
information must receive a higher value of 6 than the part containing 
less information. A method should then be designed for obtaining values 
of the 6 parameters. The most accessible method would be direct 
estimation of the parameters, using o.l.s. for equation (4.1) 
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zt = eY zt + eT zt + eP zt + wt (4.20) 
with 9Y + Qj + 6p = 1 and 6Y,eT,6p > O 
Y T P 
where wt is a disturbance term and the Zt, Zt and Zt are generated 
using the regression results of Table 4.1. However, in view of the high 
R^ in Table 4.1, it is clear that extremely high multicollinearity 
plays a central role in these regressions, so the estimated 
coefficients are not reliable. Therefore another method for determining 
values of the j's has been designed. 
The method applied is based on weighted averages. -The following 
quantities indicating the sums of the absolute values of the residuals 
are used: 
Y 
% " l I Zt - Zt I (U.lla) 
t 
T 
DT " l I Zt - Zt | (4.21b) 
t 
P 
DP " l I Zt - Zt I (4.21c) 
t 
for t - 1953, 1954 1987. 
If the sum of these quantities is denoted as 
DYxp - 2*(DY + DT + Dp) 
then the proposed values for the 9 parameters are 
6Y - ( DT + Dp ) / D YTP (4.22a) 
6T - ( Dy + Dp ) / Dy^ (4.22b) 
9p - ( Dy + DT ) / DYTP. (4.22c) 
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This calculation method is used for all countries and the resulting 
weighted averages are presented in Table 4.3. The best model also 
contributes most to the projections. This weighted average approach at 
least offers the possibility of combining the information contained in 
all three variables. 
Table 4.3 The weighted average results for the 9 parameters 
Country Calculated Calculated Calculated 
8y eT 9p 
United States 0.36 0.33 0.32 
Canada 0.34 0.33 0.33 
Japan 0.39 0.35 0.26 
Australia 0.33 0.34 0.33 
New Zealand 0.33 0.35 0.32 
Germany F.R. 0.36 0.37 0.27 
France 0.32 0.36 0.32 
United Kingdom 0.33 0.33 0.35 
Netherlands 0.31 0.35 0.34 
Belgium 
+ 0.32 0.32 0.36 
Luxembourg 
Denmark 0.53 0.47 -
Iceland 0.61 0.39 -
Sweden 0.34 0.34 0.31 
Switzerland 0.33 0.34 0.33 
Ireland 0.32 0.32 0.36 
Norway 0.36 0.37 0.26 
Finland 0.38 0.37 0.25 
Austria 0.49 0.51 -
Italy 0.44 0.56 -
Spain 0.33 0.33 0.34 
Portugal 0.52 0.48 -
5. PROJECTIONS AND CONCLUSIONS 
5.1 Introduction 
In projecting the number of cars in use, it is assumed that the 
historical relationship between cars and the three explanatory 
variables - as presented in the previous section - continues to apply. 
The forecasting procedure is based on the various model functions - as 
presented in Table 4.1 which are combined using the 9 values of Table 
4.3. Projections over time are made using likely future developments in 
GDP and population. Obviously projections for the explanatory 
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variables GDP and population are somewhat subjective. Especially GDP 
projections are often revised in reality. 
5.2 Standard projections and policy scenarios 
The variables influencing the saturation level per country can be 
divided into two groups. The first group consists of rather autonomous 
factors: population density, percentage of urban population and the 
number of big cities. These variables can be predicted relatively 
easily. The second group covers the two "instrumental" variables taxes 
and railway usage. For the latter two factors policy simulations are 
made. For all scenarios the most recently available information is used 
for the variables X4 and X5. For those years until 1990, where such 
data is not available, half of the annual change during the last few 
years is used to fill the gap. The latter values are shown in Table 
5.1. 
Table 5.1 Assumptions made about the annual change in government tax-
receipt per car (X4) and train kilometers per person of age 
15 and older (X5) 
until 19901 
annual change in 
Country X4 X5 
United States -0.9 1.9 
Canada 4.8 -5.7 
Japan -2.2 26.2 
Australia 0.0 -6.9 
New Zealand 13.3 -2.9 
Germany 0.0 13.7 
France -3.2 5.0 
United Kingdom - 10.2 14.4 
Netherlands 12.0 4.0 
Belgium&Luxembourg 3.4 -3.6 
Denmark -20.7 9 
Iceland 2.1 -6.2 
Sweden 3.7 -14.8 
Switzerland 6.5 47.8 
Ireland 21.0 2.7 
Norway 10.3 -7.9 
Finland 26.7 3.2 
Austria 0.5 7.3 
Italy 7.3 22.8 
Spain 0.6 -3.8 
Portugal 15.1 4.5 
Half the trend of the last years. 
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First a Standard scenario 0 is developed. The values of X4 and X5 
reached in 1990 along the lines described above, are held constant 
until 2020. The results of scenario 0 are shown in Tab Ie 5.2. All 
countries show a continuing growth in their saturation level most 
importantly because of the increase in population, in particular 
population above 15 years old. Therefore, all countries show a strong 
growth in their number of cars in use with many countries approaching 
their saturation levels in 2020. For all the countries together there 
will be some 75% increase in the number of cars in use under this 
scenario between 1988 and 2020. Special government policies pushing the 
saturation level downward are required if the number of cars in use is 
to slow down. 
Table 5.2 Saturation levels (S) and number of cars in use (Z) 
in thousands (scenario 0) 
Country 1988 2000 2020 
S Z S Z S Z 
United States 223764 140655 254720 197533 292926 261490 
Canada 18880 11800 20898 17413 24826 23270 
Japan 48274 30776 51518 42039 54219 48834 
Australia 11321 7244 12606 10016 15049 13829 
New Zealand 2116 1550 2271 1920 2702 2528 
Germany 43987 29190 44226 34841 46573 41108 
France 33055 22520 36583 31033 41558 39331 
United Kingdom 38429 21348 38459 24838 39463 29151 
Netherlands 9285 5251 10245 7921 11066 9815 
Belgium&Luxembourg 7014 3736 7054 4854 7511 6264 
Denmark 2545 1596 2715 1876 2961 2316 
Iceland 164 134 193 160 240 212 
Sweden 5632 • 3483 5771 4041 6335 4857 
Switzerland 3237 2745 3226 2977 3419 3256 
Ireland 2102 749 2377 1232 3052 2034 
Norway 2770 1622 2913 2122 3378 2883 
Finland 2485 1796 2644 2147 3250 3079 
Austria 4266 2785 4344 3630 4789 4566 
Italy 34649 23500 36083 31093 38476 36919 
Spain 26096 10500 28857 16422 35040 26228 
Portugal 4769 1427 5104 2428 6074 4229 
Three policy scenarios have been designed. Scenario A is a doubling of 
the X4-value between 1990 and 2020. Scenario B is a doubling of the X5-
value during that period. Scenario AB is a combination of scenario A 
and scenario B: a doubling of both the X4 and X5-values between 1990 
and 2020. In all cases the increase is kept constant during a decade 
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and the increases düring the second decade and the third decade are 
less than during the previous decade. Table 5.3 shows the results of 
the three policy scenarios for the year 2020. The ratio of the 
saturation levels for each policy-scenario and the Standard scenario is 
about the same as that of the corresponding numbers of cars in use. The 
Table makes clear that a so-designed car-discouraging policy has effect 
in the long run. In particular Denmark, Switzerland and Finland 
are sensitive. But the Table also shows that in comparison with 1988 
one can expect a much larger number of cars. For a larger reduction in 
growth a more vigorous policy seems to be necessary. In appendix B 
graphs are presented for scenarios 0 and AB for selected countries. 
They clearly show that a government policy influencing the saturation 
level affects the number of cars, especially in the long run. They also 
show that, in spite of a strong car discouraging policy, a considerable 
increase in the number of cars can be expected, mainly for the first 
ten years. 
Table 5.3 Ratio of cars in use for alternative scenarios (A, B, AB) 
and Standard scenario (0) 
Country A/0 B/0 AB/0 
United States 0.96 0.98 0.96 
Canada 0.97 0.99 0.96 
Japan 0.96 0.95 0.91 
Australia 1.00 0.90 0.90 
New Zealand 0.91 0.98 0.89 
Germany 1.00 0.88 0.88 
France 1.00 0.81 0.80 
United Kingdom 0.93 0.89 0.83 
Netherlands Ö.92 0.88 0.81 
Belgium&Luxembourg 0.97 0.88 0.85 
Denmark 0.86 0.85 0.73 
Iceland 0.99 0.90 0.90 
Sweden 0.94 0.88 0.83 
Switzerland 0.94 0.75 0.71 
Ireland 0.92 0.93 0.85 
Norway 0.94 0.91 0.86 
Finland 0.86 0.89 0.76 
Austria 0.99 0.84 0.83 
Italy 0.97 0.86 0.84 
Spain 0.99 0.93 0.92 
Portugal 0.93 0.89 0.83 
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Appendix B: Graphs of data and projections 
For selected countries a graph is presented containing data on cars in 
use for 1951-1987 as well as estimates of the saturation level for 
1975-1987. Projections of the saturation levels S for the years 1988-
2020 are shown for the two scenarios: S(0) and S(AB). The resulting 
projections for the number of cars in use are also shown for the two 
scenarios: Z(0) and Z(AB). Because data were used to compose the 
stauration levels in 1975, 1980, 1985 and later years and not for the 
years between 1980 and 1985, there are some kinks in the graphs between 
1985 and 1986 for some countries. Had e.g. 1984 data been available and 
made use of, developments during the following years would have been 
more smooth. 
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